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I. Introduction

It is the purpose of this study to examine the possibility of
substitution between two of the principal forms of hump capital
investment: formal schooling and post-school training. Determination
of the existence of such substitution is basic to our understanding
of the training process, since currently we have very little knowledge
of the relationship between these two basic forms of human capital.
In particular, we cannot say whether, at present, formal schooling is
a unique stage in the investment process, generating skills not other-
wise obtainable, or if it is largely a means of accelerating the
acquisition of skills which might otherwise be obtained during the
course of employment. Indeed, examples of parallel school and non-
school training are easily found. At the professional and technical
level, a form of apprenticeship persisted well into this century in
law and engineering which allowed many to formally enter the profession
without obtaining a professional degree. Computer personnel at all
levels currently are being trained both, in school or on the job. At
the blue-collar level, many school systems offer programs which are
explicitly recognized as some degree of substitute for apprenticeship.

As indicative as these examples are, however, they are only
isolated illustrations of the principle underlying this study. They
do not represent a basis for arguing generally that substitution
is an important phenomenon. It is quite possible, for example, that
school-trained and job-trained computer programmers represent
entirely different packages of skill to their employers, and as such,
face entirely different earnings prospects upon completion of their
respective programs.

In order to ascertain the importance of substitution as a general
phenomenon, it is necessary to establish a mode of analysis which is
itself general in its scope; that is, an analysis which systematically
treats the labor force as a whole. As will quickly become apparent,
the adoption of such a mode involves a high degree of simplification
and abstraction. The richness of detail which might be expected from
an elaborate case by case study of the sort suggested by the examples
above is necessarily absent. But in return, we are able to conclude
from the evidence developed by this study that substitution between
schooling and post-school training is clearly a phenomenon of some.
importance in the labor market.

The sections which follow will treat in turn the theoretical
structure underlying the analysis, the empirical analysis which was
undertaken and a concluding summary.

1I have deliberately avoided the use of the term "on-the-job"

training, since it tends to connote organized programs conducted by

employers. This study is directed at the acquisition of all forms

of earnings-enhancing skill, including what is usually called

"experience".
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2. Theoretical Analysis

A. The Basic Structure

Economic analysis of training traditionally has focussed on
the impact of training on earnings. In particular, training is viewed
as an investment process which increases the productive capacities
of the individual and consequently the wage which his labor services
can command in the labor market.

The analysis which follows here continues in that tradition.
Broadly stated, it infers from the pattern of earnings, which is
presumed to be the result of some pattern of investments, an important
characteristic of the investment process. In this case, the investment
phenomenon to be inferred is that of substitution between schooling
and post school training.

A simple example will serve to illustrate both the inferential
process and what is meant by substitution.

Suppose that within an occupation, one observed that workers
tended to have two distinct educational backgrounds--for example,
two years and four years of high school. Suppose further that
detailed work histories revealed higher entry level jobs at substantially
higher pay for graduates than for drop-outs--high enough, in fact,
to exceed the pay of drop-outs with two years work experience.
Assume as well that drop-outs receive training on the job not provided
to graduates, and finally, that the earnings of drop-outs and graduates
became equal sometime after age thirty and remained so thereafter.
This situation is readily summarized diagrammatically by Figure 1,
which depicts the age-earnings profiles of the two groups of workers.

In terms of this study, these data, if observed, would be described
as a case of complete substitution between schooling and post-school
training. At the point in their working lives at which occupational
training has been completed, the average stock of human capital
accumulated by each group is valued identically in the labor market.
In other words, the two different training programs lead eventually
to the same end product.

To say that there is complete substitution between schooling
and post-school training, is not to say, however, that additional
schooling is therefore of no economic value. In reviewing this
example, one might be tempted to conclude that the two additional
years of formal education obtained by the high school graduates
represent no net gain, either to the graduates or to the total
stock of human capital available to the economy. The drop-outs,
after all, do eventually obtain as much training as the graduates.
This, however, is not the sense in which substitution is meant in
this analysis, nor indeed is the conclusion itself correct. The

graduates do obtain a return to their schooling in the form of higher
earnings during the years in which the drop-outs are obtaining, their
training on the job. Further, the average level of the human capital
stock is raised by the simple fact that the human cal:tal obtained by
the graduates is present for a larger fraction of the.ir working lives.
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This simple example does lead to one important conclusion: if
schoolIng to a substantial degree serves as a substitute for later
post-school training, then a significant proportion of the growth of
the human capital stock in the U.S. may have resulted simply from
the acceleration of skill acquisition.

In discussing the example above, we examined a polar case--that
of complete substitution. It is also possible in the same context
to examine the consequences of a complete lack of substitution.
Suppose that instead of the process of "catch-up" hypothesized earlier,
we found tha the pattern of time spent in post-school training was
identical for both drop-outs and graduates. As a result, the proportion
of earning capacity expended on training after completion of school
would effectively be the same for each group. Obviously in this case,
there will be no catching-up on the part of drop-outs. Furthermore,
the additional years of schooling cannot be said to be in anyway a
substitute for post-school training, since the entire period of
school attendance is a net addition to the graduate's life-time
accumulation of human capital.

A priori, there seems to be no particular grounds for expecting
one or the other of the two extremes I have described to predominate
in the labor market. Indeed, some intermediate position seems likely.
In any event, to actually make the kind of test described above
requires data which are simply not available. Nowhere, to my knowledge
are there accurate data available on time spent at post-school
training. But we do have substantial quantities of data available
depicting what people earn at different ages and with differing
amounts of schooling. The question is, can we infer anything from
these data? In fact, it is possible, but first it is necessary to
derive a working model which allows us to do it.

B. The Time Equivalents Model of Investment in Training 2

The basis for a model which will allow an appropriate analysis of
substitution lies in a formulation of the human capital model developed
initially by Becker and Chiswick and later extended by Jacob Mincer.
They begin with a basic human capital equation for the individual,
originally described by Becker,4 of the form

2
This subsection and subsection c closely parallel similar discussion

in my Ph.D. dissertation. ("Investment in Training and the U.S. Occupational
Structure of Earnings, Columbia University, 1971).

3
Gary S. Becker and Barry Chiswick, "Education and the Distribution of

Earnings," American Economic Review, LVI (May, 1966), pp. 358-69, The
somewhat modified version of their basic formulation used.here and its
extension are found in Jacob Mincer, "The Distribution of Labor Incomes:
A Survey," Journal of Economic Literature, vTIT (March, 1970), p. 12.

4
Gary S. Becker, Human Capital (New York: Columbia University Press,

1964).



j-1
Y. = X. + E riCi + ( -C ), (1)

=0

where Yj = net earnings in the current year,

Xj = that part of current earnings due to the individual's basic
endowment,

Ci = costs of all investments made in the past, from year 0 to
last year,

C. = costs of any investments made in the current year,

and r
i
= rates of return on past investments.

That is, current net earnings consist of the earnings attributable to
the individual's "original endowment" of productive capability, plus
the returns on all previous investments, minus the costs of any
current investment. Note that if the costs of current investments are
incurred solely through reduced earnings, net earnings will equal .

observed earnings. This form of the equation, while theoretically
powerful, is limited in its empirical usefulness because it is specified
in terns of dollar outlays for human capital investments. As already
noted, such data are only sketchily available. The objective of
Becker and Chiswick was to derive a version of the model more
applicable to data which are available.

j-1
Thus, in equation (1), set the quantity Xj + E riCi = E ,

i=0

which can be called gross earnings in the current period. Further,
define k

i
= C

i
/E that is, k equals the fraction of any period's

gross earnings which is invested. Thus, Ci = kiEi. Current gross
earnings are equal to the previous period's gross earnings plus the
return on any investment in the previous period; that is,

Ej = Ej
-1

+ rC
j -1

= Ei_l + ri_lki_lEj_i

= Ei_1(1 + rj_lki_1).

But in turn, E = E
j

(1 + r
j-2 j-2

k ),
j-1 -2

E
j-2

= E
j-3

(1 + r.
J-3 J

k.
-3

), etc.,

until,Ej_j = E0.

Thus, by substitution of the recursive terms above,

E
j

= E
0
(1 + r

0
k
0 1
)(1 + r

1
k
1
)...(1 + r . k

j-1
)

j-1
= E

o
E (1 + riki).

i=0

8

(2)

(3)
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Converting the equations to natural logarithms,
J-1

lgE4 = lgE
0
+ E lg(1 + riki ).

i=0

Furthermore, since net earnings, Y. = E - C = E3(1 - k ),

lgY = lgE + lg(1
J-1

= lg E0 + E lg(1 + riki) + lg(1 - kJ).
i=0

-k.3 )

(4)

(5)

As we observed above, if all investment costs in period j are in
the form of foregone earnings, then Y equals observed earnings. This
is equivalent to saying that K repreients the fraction of the current
year spent investing. Thus, if we can assume that in each year all
costs are incurred through foregone earnings, the model becomes one
in which investment is measured strictly in time units. In terms of
this study, this is obviously a crucial step, since the substitution
process described in the hypothetical example above consists of
reducing time spent on post-school training by spending more time
in school.

We are, of course, assuming that all training costs are being
incurred in the form of foregone earnings. In the case of on-the-
job training, this is a reasonably sound assumption, since reduced
earnings are the most likely form of payment. For the employer, this
form of payment eliminates difficulties and costs which might arise
from explicit charges for training; for the employee, it eliminates
the possibility of paying income taxes on all or part of the income
retrated to the employer.

In the case of schooling, the simplest assumption is that
k4 = 1; i.e., that one year of schooling costs a full year's earnings.
WHile at first glance implausible, in fact this is a fairly solid
assumption. Most primary and secondary students have few, if any,
costs beyond the cost of their own time, and their annual earnings are
negligible. College and graduate students do have substantial direct
tuition costs, but they also tend to have part-time and summer earnings
of roughly equal magnitude. Becker estimates that cash outlays account
for 26 percent of the cost of a year of college, while the annual
earnings of college students average approximately one-half of potential
full time earnings.6 Thus, the full cost of a college year is, on the
average, almost precisely one year's gross earnings--i.e., E.

5
For further discussion of this point, see Jacob Mincer, "On-the

Job Training: Costs, Returns and Some Implications," Journal of Political
Economy, LXX:5, Part 2 (Supplement, October, 1962), pp. 50-79.

6
Becker, Human Capital, p. 75 and pp. 169-71.

9
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As a consequence of these assumptions, it is possible to rewrite
the earnings function in still a more useful form. First of all,
since by assumption ki = 1 and other evidence indicates that ri

is likely to be in the range of .10 to .20,
7
the term

4-1 j-1
E lg(1 + r

i

ki) may be closely approximated by E riki. Secondly,
i=0 i=0

since for all years in school it was assumed that k = 1, that portion
of the investment in training which is represented by school can be

written E ri = rsS, where r
s

equals the average rate of return to
i=0

schooling. Hence, we may now write the earnings function of the
individual as

j-1
LgY

j
= lgEo + rsS + E riki + lg(1 - kj),

i=s41
(6)

where Y is now equal to the observed annual earnings of a full time
worker.]

The functional form above would be directly applicable to available
data on either the individual or occupational level if we had values
for the term representing the fractions of years beyond school devoted
to training. To my knowledge, such data do not exist. Nevertheless,
Mincer has shown that it is possible to include the average effects
of post-school training by combining theoretical predictions about the
time path of such investment with some simple assumptions about the
precise shape of that time path.8

A basic prediction of human capital theory is that the quantity
of human capital produced per period by the individual will tend to
decline continuously after reaching a peak early in life. As shown
in separate papers by Becker and Yoram Ben-Porath,9 the individual can

7
Ibid., pp. 69-78 and pp. 127-31. Also, Ciora Hanoch, "An Economic

Analysis of Earnings and Schooling," Journal of Human Resources, Vol. II
(Summer, 1967), pp. 310-29.

8
Mincer, "The Distribution of Labor Incomes," pp. 16-7. See also

Jacob Mincer, "Schooling, Age and Earnings," in Human Capital and
Personal Income Distribution (New York: National Bureau for Economic
Research, in progress).

9
Gary S. Becker, "Human Capital and the Distribution of f:ncome,"

W. S. Woytinsky Lecture No. 1 (University of Michigan, 1967); Yoram
Ben-Porath, "The Production of Human Capital and the Life Cycle of
Earnings," Journal of Political Economy, LXXV (August, 1967),
pp. 352-65.

10
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8

be viewed as producing human capital by combining his own time and
purchased inputs to produce capital according to some production
function of the neo-classical type. The individual's time represents
his productive capacity and consists of the sum of the service flows
from his original endowment and any capital previously produced. These
service flows are available to the individual in limited quantity and
their use in the production of human capital means, of course, that
they cannot be used to produce current disposable income. The combi-
nation of a limit on one of the product inputs and the deferral of
income means that the marginal cost of an addition to capital in any
one time period is rising. Regardless of the shape or level of the
marginal revenue curve, there will be a limit on the quantity produced
in that period. As Ben-Porath points out, in early periods (say,
during schooling) the amount of human capital produced per period
probably rises over time; as the individual's stock of capital increases,
so does the quantity of personal productive capacity available for
further capital production.° However, this expansion must come to
an end, for the marginal revenue curve must continually shift downward
as time passes. The return on the investment in any period consists
of the present discounted value of the addition to future income; but
life is finite, and the number of future periods over which the gain may
be realized steadily diminishes. This means that at some point the
equilibrium level of investment will begin to decline and will do so
monotonically.

The predicted pattern of investments over the life cycle can
be represented by the curve labeled "$ invested" in Figure II. Included
in the diagram is the time shape of ki implied by the pattern of
dollar investments. In principle, k could actually exceed one, since
the sum of foregone earnings and case outlays for tuition, etc.,
could exceed potential full time earnings. However, we have assumed
that this does not occur. Thus, the time path of k4 is horizontal
at a value of one until the l leaves school, from which
point on it must steadily decline.

10
This can be invisioned diagrammatically as a rightward shift in

the point at which the marginal cost curve becomes perfectly inelastic.
The basic marginal cost curve shifts only slightly, if at all, because
productivity in human capital production and the opportunity cost of
the individual's time in production (wages) are assumed to increase
in proportion.

11
One aspect of earnings and investment which has not been discussed

is the question of depreciation. Depreciation and the obsolescence
of skills can be expected to cause a decline in earnings late in life.
The explicit consideration of depreciation in the type of function
specified above is virtually impossible, since the 'only way in which
it can be introduced is as some additional function of time. Hence,
in the analysis which follows, investment will simply be considered
to be net of depreciation. This device is conceptually straight-
forward and implies that in later years the investment represented by
k(t), as in Figure 2, may become negative, causing a decline in earnings
late in life.

*1 1
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PROFILES OF MONEY AND TIME INVESTED

$ invested per unit time

S years

The curve labeled "$ invested" is shown to increase
at an increasing rate during school years, since reinvest-
ment of the whole stock of capital implies compound growth.
The rate of increase of 5 invested begins to fall when
k=1 until the peak of 5 is reached. This peak can occur
very soon after schooling is completed if ki diminishes

very rapidly.

A.12



It is the theoretically necessary continuous decline in ki which

Mincer exploits to derive a meaningful post-school investment term

in equation (6). If we assume that the ki are some function of time

for each individual, and that the r
i
are all equal, equation (6) can

be rewritten as j-1

lg Y = lg E0 + rsS + r4 E k(t) + lg [1 - k(J)]

t=0

(7)

where t now signifies post-school years. By assuming that the post-

school investment process is fully continuous, one can simplify the

equation still further:

IgY
J
= lg EO + rsS + rj

0
k(t)dt + lg[l - k(j)J. (8)

10

The only step which remains is the specification of a functional

form for k(t), since direct measurement of post-school investment

time is not possible with available data.12 Nevertheless, time (or

time equivalents invested by the individual beyond school will be

some monotonically decreasing function of work experience. Thus,

on average, differences in years of labor force experience should

represent differences in current and completed post-school investments,

which in turn yield differences in earnings. And labor force experience

is a variable for which we do have data.

The exact nature of the relationship between earnings and experience

clearly depends on the nature of the relationship between investment

and experience. In applying this model to the individual distribution

of earnings, Mincer employed two basic formulations of time invested

as a function of experience: (1) k(t) = k0 bt, where the fraction

of time invested is a decreasing linear function of time spent in the

labor force; and, (2) k(t) =kept, where the fraction invested
diminishes exponentially with labor force experience.13 In each

case, k
0

represents some initial level of investment.

120ne attempt to obtain direct measures is represented by the work

of Scoville, who calculated schooling and post-school training require-

ments for 204 Census occupations based on indices of skill requirements

established by the U.S. Department of Labor for some 4,000 occupational

titles, These "requirements," however, do not measure the actual skill

levels of workers currently in the occupations, which is the variable

sought here. J. G. Scoville, "Education and Training Requirements for

Occupations," Review of Economics and Statistics, XLVII (November,

1966), pp. 387-94.

13Mincer, "The Distribution of Labor Incomes;" and, "Schooling,

Age and Earnings."

:11^3
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Each of these functional forms implies a somewhat different

experience-earnings profile vhen introduced into equation (8).

Thus, in the case of the linear function (abstracting from differences

in schooling temporarily),

1g Y
j
= lgE

0
+ r

t 0
fj k(t)dt + lg[l - k(j)]

= lgE0 + rt 0fi (K0 - bt)dt + lg[l - (k0 - bp

= lgE0 + rt[koj - 1/2 bj2] + ig[l - (k0 - bj)].

(9)

Applying a Taylor series expansion to the final term yields

lg[l - (k0 - bj)] = -[k0 - bj + 1/2(k0 - bj)
2
+ 1/3(k0 bj)

3
...]

= -[k0 - bj + 1/2k
0

2
- k

0
bj + 1/2b

2 2
].
14

(10)-

Thus, the final form of the earnings function becomes:

lgY
j
= [1gE

0
- k

0
- 1/2k02] + [rtk0 + b + k

0
b]j - 1/2[r

t
b + b2]j2. (11)

That is, the implied form of the post-school earnings profile is
approximately a parabola.

Similar manipulation of the function k(t) = k0e
-8t

yields

lgYj = lgE
0
+ r

t
k0e e + lg[l - k

0

13J
e ]

= lgE
0
+ r

t
k
0
/8 - (r

t
k
0
/8)e

-8j
k
0
e
-8j

0
- 1/2k2e

-28j
i...

lgY
j

= lgE
0
+ r

t
k
0
/8 - k0(1 + r

t
/8)e

-13.1

0
- 1/2k

2
e

28j
.

The implied form here is approximately a Gompertz curve.

The next step is to see if these implied experience-earnings
profiles correspond to profiles actually observed. Mincer tested the

human capital model using these two profiles with regressions on the

annual earnings of approximately 30,000 white, non-farm male workers

from the 1960 U.S. Census. The results were as follows:

(12)

14Truncation beyond the second power is necessary to avoid problems

of interpretation. The presence of a third-power term in the earnings
function could as easily imply a quadratic form of k(t). The approxi-

mation will be quite close so long as k0 is not close to 1.

14



12

lgY = 7.58 + .070S R
2
= .067;

(43.8)

lgY = 6.20 + .107S + .081j - .0013j2 , R
2
= .285;

(72.3) (75.5) (-55.8)

lgY = 7.43 + .108S - 1.087e
-.15j

- .426e
-.30j

R
2

= .320.
15

(75.6) (18.9) (-10.2)

Each of these functional forms is clearly significant, with the
Gompertz formulation revealing slightly more explanatory power.
Nevertheless, these functions do not exhaust the available possibilities.
In another context,

16
I ran regressions of earnings on a series of

polynominals in j to see how they compared to the parabolic and Gompertz
forms. Presumably, a high order polynomial would be sufficiently
flexible to reflect patterns in the earnings profile which the two
simpler equations could not encompass. White male high school graduates
were selected as a typical group, and regressions were run on a random
sample of approximately 1,000 individuals for the 1960 Census. These
regressions revealed that the fifth power of j was the highest power
which was significant. In this sample, R2 for the parabola was .230;
for the Compertz curve, .256; and for the polynomial, .266. The
actual equations and the profiles they generated are shown in Figure V.
As can be readily seen, the Gompertz curve shows a remarkably close
fit for the first 35 years of working experience, but fails to account
for the reduction in earnings late in working life. The strength of
the parabolic form lies in its ability to reflect this decrease. On
the basis of this test, it appears that, while neither of the simple
functional forms specifies the "true" relationship between earnings and
experience, the pattern of earnings over the working life conforms
very closely to that predicted by a declining investment function- -
particularly to one which declines exponentially. Thus, both, of these,
formulations will be retained in the analysis to follow,

15
Mincer, "Schooling, Age and Earnings." Figures in parentheses

are t-values. Other regressions included these same equations run on
men under 65, with very similar coefficients and slightly lower R2,
and regressions using f3 = .10, also with slightly lower R2.

Because of the close fit at investment ages, this study employes the
Gompertz form exclusively.

16
Carl M. Rahm, Investment in Training and the U.S. Occupational

Structure of Earnings (New York: Columbia University, Doctoral
Dissertation, 1971)
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C. Some Further Considerations

Before extending the full version of the time-investment model to
an analysis of substitution between training and post-school training,
it is important to consider some fundamental issues regarding the
empirical nature of the time-investment model. In particular, it is
necessary to analyze the extent to which the independent variables
actually measure training investments.

One point which is immediately obvious is that time invested, the
basic independent variable, is only an imperfect measure of resources
invested. The market value of time will certainly vary among individuals.
This difficulty is compounded by the assumption made that each
year of formal schooling costs the individual precisely one year's
potential or gross earnings. While on average this assumption is
justified by the observed tendency for part-time earnings'of students
to just offset direct outlays for tuition expenditures (particularly
at the college level), it is certainly not the case for each individual.
Thus, the variation in the value of resources invested among individuals
in the population can be expected to be greater than the variation in
time invested.

The fact that time invested is an incomplete measure does not of
itself imply, however, that it is somehow biased. So long as the amount
of time invested and its market value are not strongly correlated,
differences in schooling and post-school training time among a large
number of individuals or groups will accurately reflect average differences
in the value of total resources invested in training. That is,
differences in investment among individuals allocating the same amount
of time to a type of training tend to cancel out, but differences in
investment among those allocating different amounts of time do not.

An additional difficulty with respect to the schooling variable
is that the chronological date of school attendance varies considerably
among individuals in the population. Since the content and efficiency
of schooling have undoubtedly changed over time, there is clearly some
question as to whether or not school years completed measures the
same investment for younger and older workers. To some extent, the
introduction of an experience variable will tend to capture this effect.
But this then means that there is some ambiguity with regard to what
the experience variable really measures.

Ambiguity arising from the changing nature of schooling is only
the beginning of difficulties which result from the use of experience
in the model. A related problem is that, while theoretical relationship
between investment and experience is based on the individual's behavior
over time, the test of the relationship is based on a crossection of
individuals at different points in their working lives. As a result,
there is some question as to whether or not the regressions described
earlier really provide a valid test of the model. The validity of
the test depends on the extent to which the crossectional earnings
profile has the same structure as the (unobservable) individual
longitudinal profiles. For obvious reasons, it is not possible to be
certain that such is the case. Mincer, addressing himself to the same

1.7
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question, examined data available from a study by Herman Miller on
year-to-year changes in income of workers cross-classified by age and
school years completed over the decade 1956-66.17 From these data it
is possible to construct schooling group cohorts and observe average
cohort longitudinal profiles over the decade. These longitudinal
profiles proved to have a very similar shape to the crossection when
due allowance was made for the secular growth in wages. Thus, the
functional relationship established for the crossection appears to be
relevant to individual longitudinal profiles as well.

A more basic question is whether or not the observed shape of the
earnings profile is actually the sole consequence of post-school
investment. While the shape of the profile is clearly consistent
with the investment model, this consistency may be fortuitous. Much
of the observed pattern, for instance, may be attributable to
inherent processes of maturation by the individual, and reflect
very little in the way of investment ker se.

While such an argument is difficult to refute difinitively,
given the tentative nature of available evidence, there are some
bases for reply to it. First of all, Mincer's detailed study reveals
that logarithmic experience-earnings profiles for different schooling
groups are very similar in shape; in fact, they are nearly parallel.
Age profiles, on the other hand, tend to be much less similar.18
This represents at least prima facie evidence in favor of the proposi-
tion that the growth of earnings is primarily a labor market process
rather than a biological one.

Mincer also refers to studies of the 1964 and 1966 earnings of
economists and of the 1966 earnings of all persons reporting to the
National Register of Scientific and Technical Personnel.19 The
Register collects data on years of professional experience as well
as on age, schooling completed, and a number of other variables.
The studies above included separate correlations of each variable
with the logarithm of earnings and multiple correlations including
all variables together. Among economists, simple correlations with

experience and age yielded r
2
= .41 and r

2
= .23, respectively; among

all scientists, the results were r
2
= .34 and r

2
= .24, respectively.

The multiple correlations revealed that schooling and experience were
the strongest of seven independent variables explaining earnings, and
age was the weakest. Nevertheless, the independent affects of age,
as revealed in this study, were not negligible, and'it'appears likely
that the experience profile does in fact capture some biological
elements as well as the investment process. Mincer suggests that
perhaps one-fiith of the growth in earnings over an individual's
working life might be attributable to this source.

17
Mincer, "Sdhooling, Age and Earnings."

18
Ibid.

19
Ibid.
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But with all of these defects noted, one important conclusion
remains: if post-school time invested differs systematically between
different groups of workers, those differences should appear in a
recognizable manner in the cross-sectional experience-earnings
profiles. It is this fact which this study exploits for the empirical
analysis which follows.

3. Empirical Analysis

A. The Convergence Test of Substitution

Given the discussion in Section 2 above, the construction of a

test for the existence of substitution between schooling and post-
school training is now quite straightforward. If substitution does
exist, workers in a given occupational category who have more schooling
will be required to expend less time (or time equivalents) in.training
once they begin work. This in turn implies, ceteris paribus, that
profiles measured in the logarithms of earnings of the more schooled
in an occupation will tend to be less steeply inclined than those of
the less schooled. Or, in other words, since the earnings profiles
of less schooled workers will generally lie below the profiles of more
schooled workers, the profiles will tend to converge.

This can best be illustrated by using the equation for the Gompertz
curve derived in Section 2. The final form of the equation reads as
follows:

lg. = LgE
0
+ rsS + rtk0/6 - k

0 0
(1 + r

t
/6)e-13.1 - 1/2 k

2
e

6j
(13)

Assume there are two groups of workers, the first of which completes
10 years of school and the second 12 years. Assume further that we are
able to obtain parameter values for the two groups such as those shown
in Table 1. If we substitute these values into equation (13), we obtain
the equation below.

Groupl(lOyearsofschoolkle.=8.75 - 1.0e .15j - .125e
-30j

(14)

Group2(12yearsofschool):1g.=8.80 - .5e .15j - .031e
.303

(15)

As can readily be seen, starting earnings for group 1 are substantially
below those for group 2 (for j = 0, Group 1 starts out about $1,700 below
group 2). But as a consequence of post-school investment, the drop-out
very nearly catch up to the graduates after 15 or 20 years, as the
earnings profiles approach their asymptotic values. In fact, the gap
ultimately closes to about $300, with the graduates earning about $6,600
per year. Only slight manipulation of our parametric values would have
yielded complete overtaking.

One might observe, of course, that much the same effect on the
profiles can be achieved by doubling the rate of return to post-school
training (rt) for group 1, holding training constant. In a strictly
mechanical sense this is correct, although the effect on the profile of
the drop-outs would not be as dramatic as the one just observed. Such
wide variations in the rate of return across different job opportunities,
however, would make very little economic sense. A high rate of return

A
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HYPOTHETICAL PARAMETER VALUES
ILLUSTRATING SUBSTITUTION

Parameter Group 1 Group 2

LgEo 6.75 6.75

r
s
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r
t

.15 .15

k
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.5 .25
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Y. at j = 0 7.875 8.519
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Y
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at j = co 9.0 9.05

FIGURE 4

HYPOTHETICAL EARNINGS PROFILES
BASED ON DATA IN TABLE 1
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to one type of training would clearly encourage many individuals to
make that type of investment. This response would eventually bring
down the wages of workers obtaining that training and thus the rate
of return to it. In fact, we can predict with some assurance that
rates of return to different types of training will not vary
substantially. Thus, the only variable which can cause significant
differences among the shapes of the profiles of different groups of
workers is post-school training.

In terms of the general formulation of the model described in
Section 2, variation in the amount of post-school training is a
consequence both of different initial investments and different rates
of decline of investment over time. In. the Gompertz curve equation,
differences in initial amounts invested are reflected primarily in
the coefficients of the terms eBi and e-213.1; differences in rates
of decline are determined by different levels of B.

Estimation of these two parameters can be accomplished readily by
means of linear regression, although in the case of B, the process
is somewhat awkward. It must be done implicitly by trial and error,
using the coefficient of determination (R2) as a criterion of best
"fit" as equations are run with different values of B. Interestingly,

both Mincer and I found in different contexts that the goodness of
fit is

2u
not too sensitive to the value of B chosen in the area of .15

or .20. It appears that slight misspecification of B simply leads to
a compensating adjustment in the coefficients. With respect to this
study, this insensity is actually an advantage, since it makes it
possible to use the same value of B for a number of regressions;
while relying on the values of the coefficients to reflect differences
in investment.

The outlines of a test for substitution are now clear. By fitting
the Gompertz curve formulation of the time-investment model to cross-
sections of workers within occupational groupings, we can (hopefully)
ascertain the extent and significance of the convergence of the earnings
profiles of workers completing differing amounts of schooling. But

first it is necessary to examine the data used for the test.

B. The Data

The data employed for this study were taken from the Survey of
Economic Opportunity conducted in 1967 by the Census Bureau for the
Office of Economic Opportunity. The sample drawn for the Survey
consisted of two subsamples; one of which was a random sample drawn
from the U.S. population as a whole (actually, one-half of the national
sample usually taken monthly by the Census Bureau), the other a special
sample drawn from specified low-income census-tracts in a large number
of metropolitan areas. For obvious reasons, the second subsample was
of little value to this study, and no data points from it were employed.

20
Mincer, "Schooling, Age and Earnings;" Rahm, "Investment in

Training..."

21
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The quantity of information collected for each data point in the
sample was enormous; but the sample also contained the usual census
information needed for this study: 1966 earnings, schooling completed,
age, sex, occupation, school attendance, weeks worked in 1966, etc.

From the original data tape, I drew a final working sample which
contained males from the census half-sample who were over 14, had
earnings in 1966, and who were not attending school or in the military,
and who were not farmers or farm laborers. This effectively limited
the sample to adult males in the civilian, non-agricultural labor
force in 1966.21 Data on male workers only were used primarily because
of the nature of the model employed here. Post-school investment is
assumed to be a continuous process of annual accumulation after leaving
school; for men, this is an assumption which corresponds closely to
actual behavior, but for women, it is not. The more typical labor
force pattern for women is one of intermittent labor force participation
as family responsibilities change over time. Thus, their accumulation
of training and skills is not continuous.

This process of elimination yielded a sample population of
approximately 11,000 males, who were then subdivided into 8 major
occupation groups. Finally, values of lgY, S, e-Bi and e-M were
calculated on the computer for every sample point. Years of experiences
j, were determined by subtracting from each individual's §ge the average
school leaving age for hid level of schooling completed.2' In addition,
the logarithm of weeks worked was calculated for each sample point,
since variation in this variable over the life cycle can be expected
to exert substantial influence on the earnings profiles.

Before turning to the regressions, one last aspect of the manipu-
lation ofthe data must be discussed. Throughout this study, analysis
of substitution has always been expressed in terms of a single occupa-
tion. Ideally, statistical testing should be conducted within a
substantial number of homogeneous occupational categories. Unfortunately,
the data available (i.e., the SE0 sample) do not permit the desired
level of detail. In order to obtain a reasonable degree of statistical'
confidence, it is necessary to have over a hundred data points for each
education level, or between 500 and 1,000 data points per occupation.
For homogeneous groupings of roughly equal size, the SE0 sample limits
us to fewer than 20 occupations. After subdividing into the eight
major occupation groups, however, I was at something of a loss to
determine criteria for further subdivision. In fact, only four of the
eight categories could have been further divided, and the two largest
of those were.already fairly homogeneous. I did not subdivide further.
However, as the results described in the next section indicate, the
lack of precision inherent in the larger groupings probably has had
little effect on the results.

21
Farmers and farm workers were eliminated because of difficulties

in measuring their real earnings.
22
Details of the calculation process are found in Appendix I.
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C. Regression Results

Linear regressions were run on each of the eight occupational
subsamples. In each case the equation was of the following form:

lg Y
j

= a + be
f3j

+ c1D1 + c2D2 + + cnDn + d1(D
1
.e
-0j

) (16)

+ d
2
(D

2
e ) + + d

n
(D
n
e4J).23

The D4 are dummy variables representing schooling groups; for each
individual in the sample, the D4 took a value of 1 if the individual's
level of education fell in the ith schooling class, and zero if it did
not. In each of the occupational samples, there was always one level
of education not represented by a dummy variable--the so-called "base
group." This usually was the modal level of schooling completed in
the occupation.

The effect of this procedure is to fit a set of (n + 1) regression
lines within a single equation, since the dummy variables and the
interaction terms (Die' j) allow the slope and intercept of each
schooling group represented by a dummy to vary around the values of the
base group. The coefficients ei estimate the algebraic differences
between the intercept values of each of the n schooling groups and
base group intercept, while the coefficients d4 estimate the algebraic
differences between the slopes of the n schooling groups and the slope
of the base group. The standard errors of the c and d coefficients
thus measure the standard errors of the differences between those
coefficients and the respective base group coefficients a and b.

It is important to remember when interpreting these coefficients
that they do not represent what are usually thought of as the intercept
and slope. In a typical equation, such as Y = a + bX, the intercept
term represents the value of Y when X equals zero; the coefficient b
gives the rate at which Y increases (or decreases, if b is negative)
as X increases. In the Gompertz curve form, however, the intercept
term estimates the asymptotic value of Y as j approaches infinity.
The value of Y when j equals zero is found by adding the coefficients
a and b; when b is negative, the profile begins b units below a and
rises to a.

As a consequence of this nature of the Gompertz coefficients, our
procedure is efficient not only in the sense that we are able to
estimate a series of profiles with a single regression, but also because
it provides immediate information about the extent of convergence
between the estimated profiles for two schooling groups. For example,
consider two levels of school completed within an occupation, k and 2,,
where the g, group has completed more school. If the estimated equations
indicated that a

2,
was significantly greater than ak, while there was no

significant difference between bk and b this would indicate no

23
The second term, e

20
was dropped from the equations. Because

of the high multicollinearity between e-Oi and e-28j, the estimated
equations proved to be unstable 41th both present. Actually, in terms of
estimating the profiles, the absence of the second term has little effect,
and in some ways interpretation of the results is simpler.

23
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substitution occurs: the two curves are essentially parallel. On the
other hand, no significant difference between ak and a

t
when b

k
is

significantly more negative than b would indicate that the earnings of
workers with less schooling start at a lower level than the earnings
of those who have more, but eventually catch up--in other words, there
is complete substitution. To generalize from these examples, we can
state that convergence of profiles is always indicated if the b coeffi-
cient of a lower level of schooling is significantly more negative than
that of a higher level; whether or not substitution is complete is
indicated by the significance of the difference between values of the
a coefficients for those two groups.

We turn now to the actual results of the test. Table. 2 gives

a breakdown of the eight occupational subsamples by schooling completed.
As one would expect, not all schooling levels are represented in
every occupation. The breakdown seen here is the result primarily of
trial and error, attempting to balance the desire for a number of
schooling levels against the need for a substantial number of individuals
(l00 or more) in each group. Some very small groups were allowed to
occur in the highest or lowest education level in an occupation in
order to isolate the group just below or above it (e.g., the 15 service
workers with 16 or more years of schooling). No attempt was made to
subdivide into education groups below 8 years of schooling, since it
was not clear what the appropriate breaks might be.

Table 3 gives the estimated a and b coefficients for the different
schooling groups in each occupation. These we obtained by adding the
dummy and interaction coefficients to the occupational base group values
of a and b in order to be able to see what the actual profiles look
like. The base group is indicated under the occupational title, and
the significance of the difference between the a or b coefficient of
a particular schooling group and the base group is indicated by the
symbols(*,",°) representing the 1%, 5% and 10% levels respectively.
The actual regression equations and standard errors are found in the
appendix.

Examination of these profiles occupation by occupation reveals
a number of interesting results. Among professional-technical workers,
for example, there are two obvious levels of substitution, both of
which tend to be virtually complete: between high-school drop-outs and
high-school graduates, and between college graduates and those with
17-18 years of schooling (or roughly, a master's degree). As can be
readily seen from the table, substitution appears to be complete in
the college graduate vs. M.A. case; it is also virtually complete in
the case of high-school drop-outs and graduates, since examination of
standard errors in the appendix table reveals no significant difference
between the values of a for those two groups. On the other hand, there
is no evidence of substitution between the high school and college
levels at this occupational level, and none as well between college
drop-outs and college graduates. There also seems to be little if
any substitution between the college graduate-M.A. level and the
group 19+, the professional degree level.
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In the ManagerProprietor group, there is very little substitution

at all, unless one considers the difference between college and high

school graduates. Such substitution as does exist is obviously

only partial, since the difference between a coefficients is very

significant.

In both the clerical and sales group, we observe again what

appears to be complete substitution between high school dropouts
and graduates, although in these two groups, there is no tendency to

substitution above high school. In fact in the case of clerical

workers, there really is no difference at all in the profiles of

high school graduates and college dropouts--in effect, some college

training has no significant effect on a clerical worker's earnings,

although college graduation does. In passing, it is important to note

that these two occupations are the major employers or women. It is

interesting to speculate as to whether the same effects observed here

for men in these occupations would also hold true for women.

Turning to the blue collar occupations, we observe a number of

interesting patterns. Among the skilled crafts there is no tendency

toward substitution at the high school level, although there is partial

substitution between eighth grade and high school. This result is

somewhat puzzling, since a substantial proportion of high school

education is oriented to skilled craft training through vocational

courses. There are a number of possible explanation for this

phonomenon, but one feature of this occupational group which probably

is at work here is the substantial extent to which craftmen are un

unionized. As unions raise wage costs-to the employer, he will find

it increasingly expensive to provide training on the job. The tendency

will be, therefore, to hire workers with more training already

completed -- that is, graduates rather than drop outs. The effect

of this will be to separate dropouts from graduates and, in a sense,

put them on separate tracks. As a consequence, the tendency for

substitution between the two modes of training would be diminished.

Among the three remaining blue collar groups, the characteristics

that stands out most strikingly is the substitution between partial

completion of high school and graduation. Substitution is incomplete

in the case of operatives, although the final earnings differential

(as measured by a
12

a
q-11

) is small; it appears to be virtually

complete among service workers and laborers. In every case, substitu

tion beyond high school is nonexistent (as indicated in the appendix

tables, the b coefficients for 13+ years of school do not differ

significantly from those for 12 years); partial substitution between

eighth grade and some high school appears among serviceworkers,

but not among operatives or laborers.

While the results above are highly indicative of a substantial

amount of substitution, particularly between high school dropouts

and high school graduates, there are a number of elements in these

results which are slightly disturbing. One particularly is the

size of many ofthe coefficients, which are often much larger than seem

to be indicated by the illustrative calculation done in part A of this

section. Part of this, of course, is due to the fact that we

A
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collapsed the two terms into one. In effect our a coefficients are

doing double duty, and as such, will tend to be large. Nevertheless,
there is another factor present which has much the same effect --
variation in number of weeks worked. Unemployment tends to fall most
heavily on the unskilled, who in turn tend to be young. Since our

data measures annual income, systematic variation of unemployment with
age will tend to make the profiles steeper than they otherwise would be.

Systematic variation in unemployment with skill might also mean
that our test of substitution is spurious. If low skilled -- i.e.,
low educated -- workers are laid off more readily, then convergence of
profiles could result from this factor alone. To check on these two
possibilities, I redid the regression analysis in terms of weekly
earnings. This was accomplished by assuming that weekly earnings
bear the same relationships to training that annual earnings do. Thus:

lg(Y./wks ) = a' + (17)

IgY.Igwksj = a' + be S3 (18)

lgY. = a' + be 13i + f lgwks. (19)

The coefficient a' now measures a weekly earnings base, while the
coefficient f is introduced to allow for systematic variation in the
weekly wage with weeks worked.

The result of running regressions of this form is seen in Table 4

and appendix Table 2. A quick perusal of these two tables reveals
that the b coefficients are indeed much smaller. Systematic variation

in weeks of employment with experience does tend to steepen the profiles.
But, the conclusions regarding substitution are basically unaffected.
In fact, if anything, the results are somewhat strengthened.

4. Summary and Conclusions:

Briefly stated, we have examined in a general way the phenomenon
of substitution between schooling and post school training in
eight major occupational groups. The basic hypothesis was that if the
two training modes are substitutes, than experience -- earnings profiles
measured in the logarithm of earnings should tend to converge.
Statistical testing revealed a very strong tendency in six of eight
occupation groups for almost complete substitution to occur between
the post-school training of high school grop-outs and the additional
formal education of those who left school after obtaining a high school
diploma. Some substitution appears to exist as well at the college
level, with substitution between the schooling of professionals who
obtain an M.A. (approximately) and the post school training of those
who stop at the B.A. being most marked.

If there results are*to be believed, then they lead to an important
conclusion -- dropping out may be perfectly rational from the point of
view of both the individual and society. The returns earned on one or
two additional years of education at thei high school level for those not
continuing their education more often than not are due to an acceleration
of training which can be obtained through work experience. In other words,

the drop-out is not sacrificing his education, but pursuing it in a

different manner. Obviously, this is not to suggest that high school
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completion is not worthwhile -- only that not pursuing it need not be

a mistake.

Finally, however, I must make a disclaimer. The results here

are not the last word. As is true of every research project, I have

only provided some evidence to be weighed against that provided by

others. Finaleponclusions must rest with all the evidence.

32



Appendix

Derivation of the Data

The data found in the survey of economic opportunity were especially
well suited to this study, since most of the variables used in the
analysis were measured in exact values, rather than in ranges.
Their age and schooling completed were by single year, and earnings
data were to the nearest $10 up to $99,990.

The variable weeks worked in 1959 was presented on the tape in
the form of fairly broad classes: 0, 1-13, 14-26, 27-39, 40-47, 48-49,
and 50-52 weeks. Individuals with zero weeks were excluded and the
remaining categories were assigned the following values: 7, 20, 33,
44, 49, and 52 weeks. The last three categories were given higher,
than mid-point values because of the acute upward slope of the
frequency histogram of these classes after 40 weeks. Natural logarithms
of these six values comprise the data for lgWks in the regressions.

The variable experience was calculated by subtracting from each
individual's age the average age of labor force entry which corresponded
to his schooling completed. Labor force entry ages were derived from
Prof. Hanochl who calculated the average age of students at various
grade levels and thus added one year. The entry ages used by education
category were as follows:

Schooling: 0-6 7 8 9-10 11 12 13-15 16 17+

Entry Age: 14 15 16 17.5 19 20 22.5 25 28

Entry ages for single years found in ranges such as 9-11 were inter-
polated.

The two tables on the following pages give the actual estimated
regression equations and standard errors of the estimater.

1
Hanoch, "En Economic Analysis of Earning's and Schooling."
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